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APPARATUS FOR PERFORMING 
RADIATION TREATMENT 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of US. patent appli 
cation Ser. No. 11/200,596, ?led Aug. 9, 2005, Which claims 
priority to German Application No. 10 2004 039 191.2, ?led 
Aug. 12, 2004, Which are incorporated by reference herein in 
their entirety. 

BACKGROUND 

[0002] The embodiments relate, in general, to radiation 
systems, and more particularly, to a method and an apparatus 
for determining and monitoring parameters of a radiation 
treatment or therapy system. 
[0003] A radiation system is knoWn, for instance from Ger 
man Patent Disclosure DE 199 04 675 A1. Before a radiation 
therapy is performed, regions of a patient body to be radiated 
are typically examined using a medical imaging method, such 
as computed tomography or CT. Images made of the patient, 
immobilized in the body region to be examined, are stored in 
memory as a data set. With the aid of this data set, parameter 
settings of a radiation system are made, such as the ones 
pertaining or corresponding to ?elds or radiation types. Simu 
lating a radiation treatment, before the radiation system is 
programmed may also be possible. In performing the radia 
tion treatment, a geometry and other properties of a tissue or 
body region to be radiated have assumingly not changed since 
examination and diagnosis via the imaging method. If prop 
erties of the tissue to be radiated do change in the course of the 
radiation therapy, a consequence is that the selected param 
eter setting of the radiation system may noW be less adapted 
to the requirements of the radiation treatment. 
[0004] From German Patent Disclosure DE 102 10 050A1, 
a method for repositioning a patient in a diagnostic/therapeu 
tic system, as Well as such a system, are knoWn. In an initial 
session, reference images are made of the patient, or part of 
the patient, using tWo video cameras. In a subsequent session, 
these reference images are compared With current images, 
and the position of the patient is changed until visible differ 
ences in position have been minimiZed. 

OBJECT AND SUMMARY 

[0005] The present invention is de?ned by the appended 
claims. This description summarizes some aspects of the 
present embodiments and should not be used to limit the 
claims. 
[0006] A relatively simple, and reliable monitoring of a 
radiation therapy or treatment may be provided. All the fea 
tures and advantages recited beloW in conjunction With the 
method apply accordingly to an apparatus, and vice versa. 
[0007] Before the radiation therapy or treatment is per 
formed, a ?rst image is made of the tissue to be radiated, using 
an imaging method, such as a CT method. With the aid of this 
?rst image, a ?rst parameter setting is made of a radiation 
system, such as a LINAC, or a particle radiation scanner. This 
?rst parameter setting can be done manually, partly automati 
cally, or fully automatically, using image data. With the ?rst 
parameter setting thus de?ned, the tissue noW to be treated is 
radiated. After one or more radiation treatments, at least a 
second image is made of the tissue to be radiated, using the 
imaging method. These images made at various times are 
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automatically compared, and a decision maker automatically 
generates a deviation signal, in the event of a deviation in the 
images that exceeds at least one threshold value. This devia 
tion signal instructs a user of the radiation system that the 
properties of the tissue to be radiated have changed in such a 
Way that the parameter setting may also be changed. The at 
least one threshold value, Which determines When the devia 
tion signal is generated, may be adjustable. As such, the user 
may adjust a sensitivity of the monitoring of changes in the 
tissue to be radiated, linked With monitoring of the parameter 
setting of the radiation system, and depending on the body 
region affected. 
[0008] The comparison of the images on Which the param 
eter setting is based may pertain to both a target area of the 
radiation treatment, typically a tumor, and to the tissue 
located in an irradiation direction outside the target area. 
From both the target area and from the tissue to be radiated 
located outside the target area, geometric properties and other 
properties, such as attenuation or density values, are evalu 
ated automatically. Relevant geometric properties are the 
location and shape of the tumor as Well as its volume, and the 
distance in the irradiation direction through Which radiation 
passes betWeen the skin of the patient and the target area. As 
such, a plurality of threshold values can be adjusted indepen 
dently, for instance pertaining to geometric values on one 
hand and to density values on another hand. 
[0009] In one embodiment, the deviation signal generated 
via a comparator and decision maker may not only indicate 
that the parameter setting of the radiation system is to be 
changed but simultaneously generate a planning instruction 
for the parameter setting. This planning instruction may con 
tribute substantially to simplifying use of the radiation sys 
tem, While at the same time minimiZing a risk of incorrect 
settings of parameters of the radiation system. A neW param 
eter setting, recommended via ?xedly predetermined or 
adjustable algorithms, can be subjected to automatic plausi 
bility control. 
[0010] In another embodiment, the parameter setting of the 
radiation system, upon a deviation beyond the threshold value 
betWeen images taken of the tissue to be radiated at different 
times, is automatically adapted to the altered conditions. 
Moreover, the neW parameter setting becomes operative only 
after being enabled by the user, Which may provide additional 
control of the parameter change that is proposed automati 
cally. 
[0011] In another embodiment, images taken in the course 
of a radiation treatment, such as CT images, are not only used 
for determining changes in the radiated tissue, but may also be 
used, in a rational and at least partly automated Way, for 
changing operating parameters of the radiation system in 
adaptation to the altered tissue structure. 
[0012] Illustrative and exemplary embodiments of the 
invention are described in further detail beloW in reference to 
and in conjunction With the ?gures. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

[0013] FIG. 1 is a How diagram illustrating a method for 
monitoring parameters of a radiation treatment; and 
[0014] FIG. 2 is a block diagram illustrating one embodi 
ment of an apparatus for performing a radiation therapy. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0015] Elements that correspond to one another are identi 
?ed by the same reference numerals in both draWing ?gures. 
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[0016] In the diagram of FIG. 1, as a basis for planning a 
radiation therapy, multiple images of the target area to be 
irradiated are acquired or already exist. These images are 
made via a medical imaging method, such as CT or magnetic 
resonance methods, and are represented here as planning 
images 1 and current images 2. The images made in each 
examination, in the case of a CT examination, are also called 
a CT data set. Planning images 1 are made before the begin 
ning of the radiation treatment and are used for setting param 
eters or a parameter set of the radiation system, such as a 
photon or particle radiation scanner. In setting the parameters 
of the radiation system, geometric properties and other prop 
erties that may in?uence radiation beams are taken into 
account, both for the target tissue or body region to be radi 
ated, that is, the tumor, and the tissue that is likeWise exposed 
to the radiation in the irradiation direction. 

[0017] To determine Whether the parameters of the radia 
tion system are still suitably set, an automatic comparison 
may be made of the planning images 1 With the current 
images 2 that Were made before and/or after one or more 
radiation treatments. The patient may have one radiation 
treatment a day, for instance. In the same Way, CT images, 
made daily or at longer time intervals, of the tissue to be 
treated are made. In the case of proton beam therapy, the 
position is corrected With the aid of CT before every radiation 
treatment. The data obtained in the process can simulta 
neously be used for controlling the deviation of other param 
eters of the radiation treatment. 

[0018] A comparator 3, Which can access both the stored 
planning images 1 and the current images 2, is con?gured to 
perform the monitoring of the parameter setting of the radia 
tion system, such as an ion radiation machine or a system that 
emits electromagnetic radiation. In the comparison, geomet 
ric characteristics, that is, the location and shape of the tumor 
as Well as the surrounding tissue, and other characteristics, 
such as the tissue radiation absorption, are included. Depend 
ing on the degree of deviation betWeen the at least one current 
image 2 and the at least one planning image 1, a decision 
maker 4 may determine Whether the parameter setting of the 
radiation system is still suitable or should be changed. The 
threshold beyond Which a change in the parameter setting is 
recommended is adjustable via at least one threshold value 5. 
If the threshold value is exceeded, a deviation signal, for 
instance a signal that can be processed by a data processing 
system and that may be formed of a plurality of individual 
signals of arbitrary formatting, is generated automatically. 
Signals optionally generated from the deviation signal, such 
as signals visually perceptible to the user, Which indicate a 
change to be made in the parameter setting of the radiation 
system because of changes in the irradiated tissue, may be 
included. 

[0019] When vulnerable tissues in the immediate vicinity 
of the tumor to be irradiated are present, the threshold value or 
values 5 may for instance be set substantially loW. If the 
automatic comparison of the current images 2 With the plan 
ning images 1 shoWs that the threshold value or values have 
been exceeded, then the detected changes are shoWn, for 
instance by colored marking, on one of the images 1, 2, and in 
particular on t current images 2. Such pictorial visualiZation 
or display of the change in the irradiated tissue enables adjust 
ments to the parameters or alternate settings of the parameters 
of the radiation system. These parameters may de?ne the 
irradiation geometry and dose distribution in the tumor and 
surrounding tissues as Well as the distribution over time of the 
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total dose required for the radiation treatment. Accordingly, 
adapted parameter settings may be proposed to the user auto 
matically by the radiation system described. The activity of 
the user in resetting the parameters of the radiation system, 
for instance setting ?elds and types of irradiation, can be 
limited to controlling and enabling the altered or adapted 
parameters. 
[0020] The apparatus shoWn schematically in FIG. 2 for 
performing a radiation therapy has a coupling, in order to 
enable the above-described method, betWeen an imaging 
diagnostic device 6, namely a CT scanner, and a radiation 
system 7 for tumor treatment. Images taken via or provided by 
the diagnostic device 6 are stored in an image memory 8, 
Which has various memory regions 8a, 8b, . . . 811. 

[0021] For instance, planning images 1 are stored in 
memory region 811, and current images 2 are stored in 
memory region 811. As indicated by dashed lines, images 1 
and 2 taken at various times are forWarded to comparator 3. 
Comparator 3 may be integral to a planning computer 9, 
Which is shoWn as a closed unit in the schematic illustration 
but may equally comprise a plurality of linked together or 
coupled individual items of equipment. Without deviating 
from FIG. 2, image memory 8 may be part of planning com 
puter 9, or may be combined from various components, as 
described beloW, of planning computer 9 to make unitary 
components. Moreover, both comparator 3 and the decision 
maker or controller 4 may be provided as softWare compo 
nents of the radiation therapy system. In each case, planning 
computer 9 may serve, before the beginning of the radiation 
treatment, to determine a ?rst parameter setting of radiation 
system 7 based on the ?rst images, that is, the planning 
images 1. 
[0022] The decision maker 4 connected to the comparator 3 
has a connection With a parameter memory 10, in Which the 
parameters for operating a radiation system that serves to treat 
tumors are stored. In parameter memory 10, various param 
eter settings can be stored, each adapted to characteristics of 
the tissue to be irradiated of Which images Were made at 
certain times. An association of the images 1 and 2, taken at 
various times and stored in the memory regions 8a . . . 811, of 
the affected tissue regions of the patient, With the various 
parameter settings of the radiation system 7 that are stored in 
the parameter memory 10, thus documents data of the course 
of the radiation therapy in a readily comprehensible Way. The 
therapy is also knoWn as image-guided radiation therapy or 
adaptive radiation therapy (ART). 
[0023] A sensitivity of the decision maker 4 can be reset as 
needed after each neW image 1, 2. The corresponding thresh 
old values 5 are input via an input device 11, Which is part of 
planning computer 9 or is coupled to planning computer 9. 
Planning computer 9, as a function of characteristics of the 
tissue exposed to the radiation, may propose the threshold 
values 5 to the user or automatically set them. In each case, the 
automatic comparison of current images 2 With planning 
images 1 may assure a substantially high quality of the radia 
tion treatment over an entire duration of the radiation therapy. 

1. An apparatus for performing a radiation treatment, the 
apparatus comprising: 

an imaging diagnostic device; 
an image memory for storing images provided by the imag 

ing diagnostic device; 
a radiation system, the radiation system operated With an 

adjustable parameter setting; and 
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a planning computer con?gured to determine the adjust 
able parameter setting, the planning computer compris 
ing: 
a comparator for comparing images provided by the 

imaging diagnostic device, Wherein the comparator is 
con?gured to compare a ?rst image of a patient body 
region to be radiated With a second image of the body 
image, the second image being produced after the 
radiation treatment, and Wherein the comparator is 
con?gured to compare a shape of tissue to be radiated 
in the ?rst image to a shape of tissue in the second 
image; 

a decision maker for evaluating the image comparison 
performed by the comparator to determine a differ 
ence With respect to the shape of the tissue to be 
radiated and of the tissue that Was radiated; and 

a parameter memory for storing the parameter setting. 
2. The apparatus according to claim 1, Wherein the appa 

ratus is con?gured to generate a deviation signal When the 
difference exceeds a threshold value. 

3. The apparatus according to claim 2, the apparatus further 
comprising: an input device, the input device con?gured for 
setting a threshold value for the decision maker. 

4. The apparatus according to claim 1, Wherein the com 
parison of the ?rst and second images takes into account 
properties of a body region located in a direction of the 
radiation treatment and outside a target area. 

5. The apparatus according to claim 1, Wherein the com 
parison of the ?rst and second images takes into account 
beam-in?uencing properties of the body region. 

6. The apparatus according to claim 2, Wherein the appa 
ratus is con?gured to generate planning instructions for the 
parameter setting of the radiation system as a function of the 
deviation signal. 

7. The apparatus according to claim 2, Wherein the appa 
ratus is con?gured to change the parameter setting of the 
radiation system as a function of the deviation signal. 

8. The apparatus according to claim 1 Wherein the com 
parison of the ?rst and second images takes into account 
properties of a body region located in a direction of the 
radiation treatment and outside a target area. 

9. The apparatus according to claim 1, Wherein the imaging 
diagnostic device is a CT scanner. 

10. The apparatus according to claim 1, Wherein the radia 
tion system comprises a particle radiation scanner. 

11. An apparatus for performing a radiation treatment, the 
apparatus comprising: 

an imaging diagnostic device; 
an image memory for storing images provided by the imag 

ing diagnostic device; 
a radiation system, the radiation system operated With an 

adjustable parameter setting; and 
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a planning computer con?gured to determine the adjust 
able parameter setting, the planning computer compris 
ing: 
a comparator for comparing images provided by the 

imaging diagnostic device, Wherein the comparator is 
con?gured to compare a ?rst image of a patient body 
region to be radiated With a second image of the body 
image, the second image being produced after the 
radiation treatment, and Wherein the comparator is 
con?gured to compare a volume of tissue to be radi 
ated in the ?rst image to a volume of tissue in the 
second image; 

a decision maker for evaluating the image comparison 
performed by the comparator to determine a differ 
ence With respect to the volume of the tissue to be 
radiated and of the tissue that Was radiated; and 

a parameter memory for storing the parameter setting. 
12. The apparatus according to claim 11, Wherein the appa 

ratus is con?gured to generate a deviation signal When the 
difference exceeds a threshold value. 

13. The apparatus according to claim 12, the apparatus 
further comprising: an input device, the input device con?g 
ured for setting a threshold value for the decision maker. 

14. The apparatus according to claim 11, Wherein the com 
parison of the ?rst and second images takes into account 
properties of a body region located in a direction of the 
radiation treatment and outside a target area. 

15. The apparatus according to claim 11, Wherein the com 
parison of the ?rst and second images takes into account 
beam-in?uencing properties of the body region. 

16. The apparatus according to claim 12, Wherein the appa 
ratus is con?gured to generate planning instructions for the 
parameter setting of the radiation system as a function of the 
deviation signal. 

17. The apparatus according to claim 12, Wherein the appa 
ratus is con?gured to change the parameter setting of the 
radiation system as a function of the deviation signal. 

18. The apparatus according to claim 11 Wherein the com 
parison of the ?rst and second images takes into account 
properties of a body region located in a direction of the 
radiation treatment and outside a target area. 

19. The apparatus according to claim 12, Wherein the imag 
ing diagnostic device is a CT scanner. 

20. The apparatus according to claim 11, Wherein the radia 
tion system comprises a particle radiation scanner. 

21. The apparatus according to claim 11, Wherein the com 
parator is further con?gured to compare a shape of the tissue 
to be radiated in the ?rst image to a shape of the tissue in the 
second image. 

22. The apparatus according to claim 21, Wherein the deci 
sion maker is further con?gured to determine a difference 
With respect to the shape of the tissue to be radiated and of the 
tissue that Was radiated. 

* * * * * 


